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Abstract of JP2001 31 9928 

PROBLEM TO BE SOLVED: To provide 
technology for speeding up a senniconductor 
integrated circuit device, suppressing electro- 
migration and stress migration and prolonging life 
of wiring. 

SOLUTION: Barrier layers 26a and copper films 
26b are sequentially formed on an oxide silicon 
film 23 including the inner part of a wiring groove 
in the oxide silicon film 23 and a silicon nitride 
film 22, which are formed on a semiconductor 
substrate 1 . Then, wirings 26 are formed by 
removing the barrier layers 26a and the copper 
films 26b of the outer parts of the wiring groove. 
Then, tungsten is selectively grown or 
preferentially grown on the wirings 26. 
Consequently, tungsten films 26c are fornried on 
the wirings 26. 
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mmm'pizEmmimi^-r^jiUt. (b) mmmmm 

[|f>ieil2] (a) ^«ft:S«±l::ff^fi£$nfc||lco 

mmmfi^Mmm^nmi-^jimt. (b) wiaBeigf* 
iza-oxmm^mitsi-rmmt. (c) fttriBiB«±trdr 

t. (d) *fifE^-V5':^^Stt)^*3<tu'AfrfE«i<^*6^ 
|gJrtr^2(7)S4^^5rffMi-SX>gi:. (e) WIEia^ 
±<7?ftfltam2cDj6?t^§rg|3^6<](e:|^*bT> tUie^-ri' 
y^St4M^®aif^)5B?L^ff^fife^.5imi:, (f) sU 
IE53TLl^{r^2 0*?H4l»?:J^^-f-^X@t. ^SrWi-^ 

[I»*ri3] (a) ¥5g»:S1S±«c||l iOiS^^fl^^ 

-T'Sx^i:, (b) mm^ i(Dmm±\zm 1 (Dmmfrn^ 

hTH—yi^^m^i-^lLmt. (d) fl1ltfi^>'<^^ h*— 
Xgt, (e) tfIfE=">'^^ h^J-zU^gUiTJ^iro^m 
(f) ttl^^l w*fe»M*3j;t;:StllE:7°7i/±t>im2(Dffi 

^srj^fife-rsxsi:. (g) m2<Ds.mm^i'^mm 

i-^umt. (h) ttIf5iSi^ftl^^#tpfltif5M2(7>ffi^ 

'J Tmio^rjm2(omn\^^m^m^-t^2: 

Ut. ( i ) MIEE^W^a5<7?SfIIE^< y TS*5 i 2 

cO!»^tt^S:^*-r 5 r t ir J; •? ^ 2 WK^-grffMi-?. 

2 roia^± 5/ ygimi^sr^jsgi- 5 Xig t , 
(k) ttilE^-\'i/:/^m+i^ioit>'SfifS||2OT*6^tflf± 

■t^nmt, (b) flfifsm 1 coia^jbirm wjfej^^jo 

J:U=^2(7)*6^eSr«Si^fl^figi-?)Xlit. (c) WIE^ 
1 <oia^co3>'^?i? hffltS±«ftfrfeili*3j;U'^2(75l6 



x@t. (d) m2(D§imm^mmm<om^m2(Dm 

(e) mtlE3:/<5'i' h*-/uioJ:l>-iaMftrt^^tP8tlte 
m 2 (Oitei^ig±t:i^< y Jo J; t/«mtt)8ISrlR]!is:?^fifei- 
SXSt, ( f ) mifS^>'^'^ h*-/ujoJ;0?iE^ft^ 

m 2 coiE^*5 i I>'mIfE^ 1 WSaiS t ^ 2 Oia^ i: 

assrj^figi-^xst, (g) tiismm2<7)SLm±iz^rv 

'o. ffimm2<o§s.^±iz^-r 'yymm^m^wm-ti>T. 
mt. (h) ^m^^-yymmi±m)sxxfmsmm2<om 
mm±\zm 3 (ojfei^igi^rj^^-i-sxe t . 

[iS*^5] (a) ^»i$:S«±{r^l Wiei^^J^i^g 
i-5XSi:, (b) flfFlEM l<oiaa±{rm 1(^*6^81*3 

J:0=^2 0$fea^K$r)i|ii!feffMi-SX:St. (c) ^2ro 

j:*?saiii«*j^fiS:i-5x^t. (d) m^mi(Dmm(r> 

hyt^-/uisxu^^mmfH^-at^mm^2<Dmmm±iz 
^<vrmi3xxj^mm^m^m»:m^i-^i:^t. (f) 

jo i t>'!^mttM4- -5 c t J; t? m 2 mmis x xf 

(g) mfe.fS2(r>wimm±\zi^-r-y^mmm^^m 

idM±t::=¥-Yi/7°««ttM^ff^^-r?)XfIt, (h) tfF 
IE=¥ Y 5/ 7°ii£mi4m*3 j;t/BtIfS» 2 (73*fe»^±{r^ 3 W 

Isf*iM6l it*^l. 4 t> L < I* 5 ^«(75i#^(*:m 
aiHl!S^H<Ol!iit:^ffiT-*> o T . 

SfFlEii*!! 1 K^ro^ 2 <^*6»^, 4 i2«(7?^ 3 

f^iffi^i^'b L < liit^ii 5 f5«<7)^ 3 <Dmmmi:U^&^ 
iz^.^Lx. Wifi^-r^yy^m^m^mm-riimii^m 

tiimmiifH\zmm.mn^m.iib^tj^z t\zx'o-y7 ^'^m 

sSi-^xm<!r> 

HlIt5IS*ii 1 tSfcOH 2 cojg^^, lf3ttil4fE«tC73^3 
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= A L < 14 ix b (75^S ^^^^ i: -r S b fig 

{»*iS 9 1 i«*SB 1 5 IE«t<OiiiWflsmfl||H|ggg 

T i N. Ta, T a Nt, L< (4N i A^Pj^SS^-efc'S:: 
[it*ii 1 0 1 if 1 5 IS«ro#^<**S[HlgS 
Torr (1 X 1. 3 3 3 2 2 X 1 02P a ) Ui.TC)ffi 

1 1 ] If *is 1 nm s mm.(D^mp^mm^^ 

<r>^ 2 Wiffe^^ t b < ttff 3 5 |E«om 3 Oie 

^^toj^fiSii^ii. (a) tfrfS^-¥i':7°»mttflf±('T 
•SXmi:. (b) fltl§ETEOS^'bL< ii^^Sr^tfv' 

[If *JS 1 2 ] if *]S 1 5 f2«(D#3Jfls:*Sf[i]gS 

<75» 2 <ommmi> l < nif 3 Tin s ie«<^^ 3 cdjs 

iti-^feifeKlh^^a^fl^^jg-rSXSi;, (b) SflfiEK: 

[f«*ii 1 3 1 if *ii 1 2 tm.<D^^^mm^^mw. 

im^m 1 4 1 iS^ri 1 2 IE«cCOitii»ft:*aiHl?g^S 
<7:)®5it::^)!feT'feoT. StFiSii;^«*fe^^(4. TEOS^ 
t L<I4S i OF^-CfcSr i:Sr!|tm.ti-5*^<*:*W 

1 5 ] if 1 nm s um<o^mi^mm^^ 
'^m<^m^:^mxh-ox. mu^^yy^^mi^mit. m 
s^aD^^-y-fkTk* (HF) t:-^tsmmxmi^h±'^m 

'So 

{If *is 1 6 1 if *ii 1 nm 5 mm<o^m-i^mm^^ 



mi4, BfJfESS^figet>L<l4ffi3t^:g^(r. 
yyit^m (HF) t>L<l4i@®f'(t:7K* (H2O2) Sr^ 
tp^fdET'«G?l^i-5XSSr^tpr t i!»mt-f-^mm.i^M 

mmmm,\±m±i'm^ -y ymm\±m t . mis 
'yy^m.itmisi:xfmmm<ommm±i^m^^t\^ 

!&^titcy<vTmt. mmmmf^nx'hox . mmy< 

m^ixtc^^-y ym-mam t. mim^-r y ymm.\±m± 
*3 iu^tfFiE^ 2 <Dmmm±\zm^^nitm 3 (Dmmm 

t, 

[if*ii2oi ^mf^&m±izm^^iMtmmt. 

m*3J;U^^iw=>>^^' h*— /K7)ffl!)|i*5j;t5jSgB{r?g 

h*-/PF*^g|5-r: fooTitJta-'< y Tjl±tCJF^^S;$^xfc^ 1 

i(r>i(&mm.±-\zf(!>f^^ixt:.w.2mmmt. mmm2(D 
!^$ixt:Lm2<ommi±mt. 
[If *Ji 2 1 ] If *ig 2 0 tmco^mwrnmrn^'^m 

Iff *1 2 2 1 if *ii 1 8 t L < (4 1 9 fE«c(75^i»fls 
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fflfSif *ri 1 7 taicro^ 2 nmrnmh L < I* 1 8 fS«t<7> 
lasg^Sr-feo-c. i«If5f**ill 8tL.<(il 9tiW.(r> 

m^mi^mh l < i4ii*ii 2 0 k«<d^ 1 (7)^«ffi»f±. 

Mo 

(it*« 2 4 1 f»*3S 1 8 Tis 2 0 mm<^^m»Mm 

[it*il2 5l lf*3Sl 8 75ig2 OtEScW¥^<$:«W 
N. Ta. TaNl>L<(4N i^O^tjjRSWTfoSCtSr 

m^m 2 7 1 is*ii 1 8 Tiig 2 0 ta«t(Diti2^«:*a 

mSS^STfooT, ^l5^-fy^lC«tt)»l4. 1 To r 

r (1X1. 33322X1 O^P a ) Jil.TtOffi;/3T-C 

wm $ ^^/c^-efe Sit srii#^a t-ri> ^mwmmm^m 

Mo 

[if 2 8 1 if 1 8 2 O fS«0^**^*a 
2 9 1 1 8 2 0 

m^m 3 0 1 it*3S 1 8 2 0 mm.<D^m^i^Mm 

llf*il3l] if5lt9l 8 753g2 OtE«ro#^<*:«a 
llt*«3 2] if*«l 8 75^2 OiEttro^^tJrma 

iHigssB-efcoT, m^d.^^'yy^m^m\t. 2~2o 

fic 

meg^B-efooT, wiEif^^i 8 i,b< tt2 of5«fero 

lg 2 C7?jfe^fllt L< I4lf *II 1 9 ^m.<DW. 3 <7?*6m^ 
(4, StllS=Jrr i'7'*«ttK±{^fl^fi!t$nf:iTEOS^'L 



L<l4^-ft:->y =>>^i:, *fllETEOSffll'bL<t4^^t: 

•> y ^ $n/cHfJlET E O S L < »4^-ft: 

[It3ft« 3 4 ] If 1 8 75M 2 0 fe«t(Oi|t^{*:m« 

lHl?g^gT*)or, BflfSH*iil 8 t L< (42 oisftro 
^ 2 (TJie^ttt b < I4if *rl 1 9 12«c(7?^ 3 C0?6^K 
14. tfliE=3r y 7°^mttK±J^ffM$HfctflfEif *5 1 
8 t b < (4 1 9 fS«<^^m)^t U < I4if *5 2 0 lam 

[ If 3 5 1 m^m3 4 mwi<^^mi^mm\Bi^mm 

-efooT, fl1ltBI£fimi6»l4, TEOS^'bL<(4S i 
[If 3 6 1 if 3}!:iS 3 4 iE<£o*«fls«aiHlgS^B 

-c-fooT. t«jfet£mii^itffi^m(4, miti^'j =''^m. p 

[ O 0 O 1 1 

-c a^sic §a -r s o -c s o 

[000 2] 

(r)'m'Biti6j;:n^mit\C'W^^\ 0iJx(4\ T. Saito et.al, 
in Proceedings of International Interconnect Techn 
ologyConference in 1998, pp. 160-162^tw, ^^Bl^'tc: 

[00031 ^fefcx mmW-8-2 2 2 5 6 8^4i:«t;i 

(4, ii&mm^izEmm(Dm%:wmv. cvD^trj:«9T 

[0 0 041 Sfc. Hg««lft$lipp333-336, 1997tCl4, 
(000 51 

[^8^/i5/W^LJ;9i:i-5^1Sl ±fB*6iSKf»::ffi«ffl 
|^lo^,^T. *^B^#bl4. aT(c.T:-r.t ^T'^Pn^^'Srmil! 
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[0 0 0 6J 0ijxff. ±mm-mM\a-tmAm^^hthh 

[0 0 0 71 SeoT, ia/^^|f5^<y TM<Ol^ftz5i1tM 
[0 0 0 81 b;«^L/ii45C,, iej^±S|J$:« 5 S^ki' JJ => 

(0 0 0 91 a?K«[^$)SVM4i?^ffi-ecr)ffl(OK: 

[0 0 1 01 sfc. msLm±i^ii&mm^i^vx$hi,z± 

*?)^*$tLT*3 9 . r^^^JSffiliTMifi^wa^ tattle 

[00 1 n 4fc. ±IE7°7^''<75fl^^tr|^L, :3>'<5'i> 
«4'I^J£»L-^-r<. iffegtBffiwf£T^y-i'll»Kroit 

[0 0 121 sfc. ±jtcD»«a&is^i«rttPica*bi2i 
figt, «^1-Sl5w^:»?iffl^^>ft:^ftl6<jWig (cmp : 

Chemical Mechanical Polishing) tr i •? l^±i"^>o w 



^fcv^T^ mwm±\^miti^v ='t^m%:mfS.-r^ 

±.fS.XUlimz-^-( K;5S±C. CKOxt?^ h']!ii:x.i^i^ h 
[0 0 131 ^e>l-. Tg<Oi3E^tcMLT±3!l!<75=i V 

\t. yv^^m.tbi2<ts:itf)mmx\ ±m(om-^t^m 
t Tmmm<Dmmim^X'^-r^m^^ t ti^. 

[0 0 141 *^g^(OBe<j|i, ^±\:i^\yzfmm.^ 
[00151 *^l^<0<|&<7?S6<)(i, 3^1/:^' hn-^ . 

[ 0 0 1 6 1 *fc. *^BJCOte<7?@6f){±. =i>^i?-h7}N 

[0 0 171 Sfc, *M0J«ftll<^SW(*, ^^'^iJ'h*: 

[0 0 181 ^^pjcosfiiBsetitSf^'^fiitmii, ^mfm 

[0 0 191 

[^lS$r«l^^i-SfcJ6(0=^^l *ISlr*5^^TB8*$^^5 

[00201 ^^m<r)^mwMm^^mm.<o9m)3\k 

[00 2 1 1 ^<DXo{z, yyMm.'&m^ 

i/i — v-3 h u;^-^-^ ^'u— ->B ✓'(D^^^SrJfD 

X.. id^^^SrS<t-6r t;45T-#-5o ffiiSftJb 

T^xh^um'^'M.m^^^y^^ix^z.t^mitx^. 

[0 0 2 21 /£jo, SUfEEMt^li. UiJxIi, ^. r 
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trtt, WN. TiN, Ta, TaNtU< (4N i 
ITorr (1X1. 3 3 3 2 2 X 1 O^P a ) EAT<^ 
[00 2 3J Sfc, Sflfa*Y-y:/^«tt^±t??^«^l* 

[0 0 2 4] $t>lC, SfHE^^sz-r^mtt^J^fiSlSfllw, 

m^mm^ky-yitTkm (hf) ^^tf^j^T-^iti-'S r 
•:fmm^mnmmz^ m^mm^:^ -yitTi^m (hf) t, 

[0 0 2 5] :iHb<7)iaair J; •9^tffl^4roiS^,^:^r^i/r 
[0 0 2 6] *^B^(7)ii^:^^$:SWIEI^gaggti, E 

■i-^yy~i»m\±mt^^-r^h(ox'hi>. 
[0 0 2 7] :i<Di:oi:i. mm\^m (mm) Aiiz^^-y 

[0 0 2 8] j'i^j. ititeia^titt, M;t(i\ is. r 
5 = H7 ^ ^ L < (i - 4^ e, (Tj^jg j^gg^ t -I- 5 A^^^ 

(^(4, WN, T i N, T a . T a Nt, t< (4N i m^M 
t>S:<.Sfc, ITorr (1X1. 33322X10 

2pa) &,T<Di£t>Txmi^$ntcmxhoxh&^\ 



4fc, r<7?=^riri/:7°»ttt4BIWfflli?l4, lBl-E^rtX*!& 

X-#So rO^r-r s/:7'agmti^<7?K/¥<73tf t>0 

5.ii:;i5x-$5„ 4fc. r ^ -v y ■7'*mttffil<^5^ff 

eai;?:li2~2 0 nmT-fc-5o 
[00 2 9] Sfc. WIE^^ f 7'^«ttK±(^*6^^ 

±imm\z{-i^ mx.^^. ^-(Lv-y 3>-m. psgm^l 

[0 0 3 0] 

[0 0 3 1] mm.<om^i) mii)^hmi x\±. 

[00 3 2] S-r. lai (a) (r^-r±5tr, Mxtfp 

^1 Sr:i^-y^>'i/LTja?$ 3 5 Oni]ig*(75ft«r?^)5gb3t 
1 8 5 0''C~ 10 0 OX:xmmt-t 
Sitfrio-C, r<^«<r)rtg{r)Blff 1 Onma^w^v^ 

u^-^ts^m^^wii±.\zcvYimxmw-A 5 o~5 o 

OnmSSCDSS-fbv'y avM^tiaU. St^gBW^S-fki^ iJ 

='^'(iSrCMPl;::J;<5l^*-r-5:iitcJ:oX, ^w«E 

[0 0 3 3] ^«^^:^«n::ps^^*lfi!^ m^\^ 

^Lfc^, i^i^^^SK 1 ^i^9 5 O-CT-fiaiaL. ±IE 

[0 0 3 4] ^(73^, mi (b) \Zm^i.o\Z^ -y-ym. 
^m\.^tz'^ :^'y h:^y^:yi>''X^^WW6il<nUm^^ 

if^b. m.^-'X^m-^mm 1 ^s^s 0 o~8 5 o°cx-«!:^ 
[0 0 3 5] mz. ^'^^B->'j ^^'^me^m-iitL. 

=J->'^-r^^tKi.'om2 (a) \z9n^i:o\z^ ^—Y 
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Ji^^^) ^^4ALi-'5w n ^-r^^^i-MM I 

SFETc7)>ir- hfl;1^^nM<^. p 5" ^>./l-i!iM I S F 
ETc^y— hmMSrpM<b Life. V^t?^*>5T'^T>'^^'- 

Sgffl't-^:! <tlCj: «9 .MIS F ET (DmU (V t h) ^ 
Ttf <!r?)^-t:'^. iSSJET-M I S F E T SrSElft-r^ 

[0 0 3 6] 1112 (b) \z^T^ ^iz. pM"?^ 

/I- 3 ±<D^^- bmmr (DmmcD^^^i^m^ i n 

[0 0 3 7 1 ]*:l^T\ K^7;^-/H 0^^'— 
^2gf*^^l±i-CVD?!fe*T?Mi?5 0-10 Onm?MS(7) 

m^mi^mi^i i (y-:^. ku^>^) ^^^^l. nm 

-O') i:M^T^o ZZ.^X(DJLmX\ LDD (Lightly 

Doped Drain)1SitOy — K U-f >'^<l;tfc n ^ 
^-/USM I SFETQnj6j:l/p^-^^->'^MM I SFE 
TQp;6^?f^^§ix5o 

[0 0 3 9] ms (a) fj:\^^m^ 

[0 0 4 0] 7j^V^-<:\ 2gf$:SlR±l::C VDfe (Chemical 
Vapor Deposition) h < y< y ^Z X ^ . ^it 

3 ^mm-r^o 

[0 0 4 1] $ hlz^ ±tUmmi SCD-U^^y-^^- 

^^-r^ztizx^mm^i^mfi^L. ^o^mirt^^tp 
mmmi 3±\z^m^Bi^'j =^:ym^cvDmzx^mm 
LTtm. mmii±mzB^i-^x^^<-^-=^>'^'r^z 

[0 0 4 2] 7x\z^ ^mi^mi&i(o±m\z^^'^^<^^ 



m.^^^mm mTp^-^T) ^ifm-r^, f)^/)^^m\at. ^ 

thX^^. 

[0 0 4 3] mz^ (b) \z^^^o\z^ ^m^m 

^ItrRTA (Rapid Thermal Anneal) ftSrffil ^fcf!S*Qi 

Ksi e^ff^^i-^o ^<7)f^, ^RJt(Dmm.^.^m 

[004 4] mz^ EI4 (a) IC^-TcJ; 9t;i. CVDiS 

IKl S^rfl^^-r^o r(^SPB^if6^^1 8 irLT. PSG 
(Phosphor Silicate Glass) ^tL'xf^SOG (Spin 

On Glass) m^^mi^xh^^\ ^fz. z.(Dmmmmm 

1 s<Dmw^^cMP\z^^W'mtvxhX^\ 

[0 0 4 5] mz^ m4 (b) tC^i-J: ^(3. n^m^ 

mi^m^ 1 1 1 L < 11 p ^m^mi^m^ 1 2 ms 

fiim^RSrW^i-^v-y 1^-f K^l 6_bcogPpm^^l 

— /U2 o^ff^^-r^o 

[0 0 4 6] ii^C Ei5 (a) \Z^i~X o\Z^ ^ly^ >7 

h>i^-/^2 OF^^^tfgF0^*6^Mi 8±{::, cvDifeic 
J:«9^'fL^^>'^ (m^iir-f) Sr?i^^bfcft. CVDfe 
dj: «9^>^^;^7^>^ (w) ^ (IS*3l3c7:>^i(^^mtt 

^^t^^:/^ (T i N) iocJ:t/^>'i/;^7^>'JKS:CMP 

[004 7] mz^ ms ( b ) tw^-r J: o \z^ mmi&m 

mi s^xxiy'7^^2 1 ±(r. mitiyv ^^^2 2^m 

f&L. Kk^^X\ mitiy'J ^:^^2 3^cvumzx^^ 
[0 0 4 8] 7X\^x\ me (a) {z^'rX'?\z^ 

S^kiyy ='>K2 2 4r^y^>'^i-^c«i:l::J;«9ia«S?t 

2 5^?f^^^^o t^oT. ^{l^v-y =i>'^2 3C0^:y^ 
V-r^^^fi, mt'yV ^'^^2 2^-:^y^>^^^^^'Vm< . ^ 

^(bv-y ::3>^2 3;65^>>f^:/^^$ngi^^#TtT9o ^i: 
i^T\ ^^t:'>y 3 vK2 2;^|5^^y^>^$i^^l.^^^t-e 
^s/5^>^>^T9o :i^oJ:9i::. ^^t:^> y ^^2 2 
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[0 0 4 91 me (b) t:i^-f i: ^i^. Ki^»2 

T^2 6 a b<li:CVDf£«rJ:9±i 

Sb. /<yrM2 6 a±i^. i^M2 6b (If* 

^1. 1 s^o^r/i gco^mtt^. m^^M2(Dmi<D'^ 

Omm^ ^flMJ£tl\tO, 2mTorr (0. 2X1. 3 
3322X10-iPa) i^T. f&m^m^^^J^n 2 O'CC 

fti^sija^^^ii 3 0 0 x:<D^i^x\ ^mnxm $ o . 4 

/I/. 0iJ;^{i. 15Torr (15X1. 33322X1 

o^pa) . 4 3 o''C(D^m^m^^x2^j^m^m^ff 

yr^2 6alt. Mit^^XD^fjihi". '^l^^/l- (T 
a) . ^jk^^-^/l- (TaN) . ^^^i^f^y^l^ (W) h 

v<\^mit^>'^:^Tt^ (WN) m<Dmmm^m\^^^:i 

i N/T i ) (Dte. T i /T i N. T a /T a N/T 
a. Ta/TaN^^D«[gMSr^V^5r^tT-#5. 
[0 0 5 0] ^t::. 1^17 (a) iE^«2 

5^a<7:>a^^2 6 h^X.Xjmt'^^>B:2 6 a 4: CMP 

tcj:«9^5febTiaiiS2 e^j^m^^o 

[005 11 ^^CV^-e. ia^2 6±\Z^>^:^y':y^mii 

J^26b) ±tC2 — 2 0 nm^*(D>57>-^;^7^>^2 6 
c (italic?:) =3e^.;.7^^gti^) ^ff^^i-^, ^ly^y^ 

XV02 6 c Ji. 0. STorr (0. 3X 

1 . 3 3 3 2 2 X 1 02P a ) . W&1^&4 6 OX:X\ 
6yy^t^l^i^^y'>^ (WFfi) ^jSti 5 sec. tK^ 

(Hz) m&5 0 0 s c c (o^<*TT% 1 . ss^mmm 

(0 0 5 21 ^^^^^^m\ZX^ . 6±\Z(D^\Z^ 

>y:^T>7!)miR&o\zj^MhL<\t.. s^jbv-y =^>^sii 

8±lwit'<i£«S2 6 Jllc>5^>^;:^7":/;5i®$fee^tc^«i- 
[0 0 5 31 ^i^. z(Dm^}S.^h^<\tm9tf&-^\t. 

C VD&t>U< (It' y^mzX^mj&^^^t^-Xt^. 
CVDmzXr)^m't^m^\^. l&mEEtl 2To r r 
(2X1. 33322X1 02Pa) 2 5 0 

°c. 6'7^>>ft:^:/^^;^7^>' (WFe) <l^7K^ (h.) (om 

fiitW Fe/H2;05 1/50 tATc7^*<+T^i*»i~^ ^ t f)^^ 



[0 0 5 4] ^/c. ^>:/;^7^V<Ote. T i N. T a , 
TaN. WN«L< (tN i mmhMm2 e±<D^-riyy' 

mmiimtvxi^mx^^, zzx\ ^>^^;^x>^(7)ig 

tti^J 5'-^20juO-cm<t:Ti N<75^Jx 8 0 1 5 0 fi 

[0 0 5 5] r(7)j:5i^. *iij£<o?f^fl8(c±mi. mm 

«9 JFM Lfz(DX\ Mm 2 6 Oi:ffi;6^il:^^>ft:S/ ]) n 
C^JS-efc^^>^^;^x>'^2 6 c <ir1g«t't-5?ti6^u 

[0 0 5 6] *fc. mm2 6<Dmm:ifs^rjmm\^^<VT 

m2 6aX\ ^0±ffiJi^>-y;^^>^M2 6 c -eat? 

fSi^fz^y^ V 3 :^\z^^Mmxnm^ 

[0 0 5 7] ^/c. ia^ft2 5?^(-a5lK2 6 b^il^iZ. 

'ik(D^Mm^z^^xu^2 6mM\z. xn. iixi^t>b< 

^ =7 y^^'f)-^ \:.fz,m^xh-DX h m2 2 
(a) ) . ^m2 emmz^i^'^^::^y'i^m:2 e ctmis. 

xMk(owm^'<jb^tf)'^x^^ {m22 (b) ) o 
t^^. m2 2 (a) um2e±:\zxmt^^\:.fzm^ 
^m.^mz^v.fz.mxh'o . 11122 (b) t^. (a) \z 

b< \^m9t^W:^^fz'^<omAmx^^^ 

[0 0 5 8] ±a!b/cJ: ^;?2~20nm 

U&(0^>^^:;^'r:yo:>fi^m^. )AMm^& (iTor r 
(1 X 1. 3 3 3 2 2 X 1 02P a ) KJIT) T'tTP w 

[0 0 5 9] ^h\Z^ ^^hXm^y^-^ V<DJWMtf^ 

[0 0 6 0] Els (a) {t^i-j:9t:i. miti^V 

=^>m2 3:^Xmm2 6 (^>^X7^>'^2 6 c) ± 

>m2 9^cvDmzx^^m't^o 
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[006 11 *l^T% Ba^2 6(0^:y^i7 hSail^icog? 

«eoT. ^{kv-y =i>^M2 9(7)^>f=->>/(i. 
^-fts^y ^v^2 3i6xmm2 6±\zmitiyv =^:ym 

[0 0 6 21 CCT% r3V>57^ |.,^_^p3 offMO^t 

>-M2 6 c T-a:bixTl^^fci^). :^y<^y ^ ^^y^l^^(D 

X>'^2 6 c755fl^^$tl?iV>:^^»±. 1112 3 (a) tC^ 

hAl^-/u3 0ffi!)liic{^«i-5, -n^^i/^L, T@ 
coE^2 ^(omMt^^\^^:y^y^'r:ym:2 6 c -efl|:bn 
Ti.^5*IIS£(7:>JF^fi§<7:)^ft. 02 3 (b) lc^i-J:5 

[0 0 6 31 ^fc. il^j^Si. b< l^ff^fe^S^^Mi- 
^C^hl^.i: "9. ifi;^2 6 (i^^2 6 c) 
Vi/^7^>'M2 6 c ^;6S-e#-5o ^5^^^. :i 

ltg^^i?9-/c^^>-^^7^>a2 6 c ^Jf^^-rar 

^— (tie>o# 5 0%i^T) tc-r'5w<h;6^-e^^o ^ 
fc. b<{iS$tj*fit;iJ:n(fiE^2 6Sffi<75 

^:/^^^T^>^2 6 c iS/«flJJigib^J:t/JSg(5^«9^'^ 
yT^2 6a (ittiC^C0iggI$(OMi¥) J:'9»<ff^^i~^ 

[0 0 6 41 -^Tt. tAe5i5^trt$nri^7ciS4*2 asffico 
^ci6. mmM'h'^'m<. mm^^<omi tfi.r>x\^fz.m(r> 



[0 0 6 51 ^fc. m^^-r^yyifsomTiz^^h'^^ 
?^^i.='>^i^ hmm^Moti^'^^^^^^xt. m2 4 

(b) tr^-rj:9t::. ^ >'^':^x>^^2 6 c ;^^m5it^^°^ 

$i^Tv^fclM^^:sxy =2>'^SrE^2 e^ffitcff^^uyt^ 
^\atm2 4 (a) (c:/i^-t-J;9{c:. 5l^bfc>}^-r Ki;iJ: 

[0 0 6 61 0 2 9 f^. mm(DCMPm : A. ^l^^^:^ 
LTt^/^l\ 2m(D§m (0. 4 Mmti (O. •) ioj: 

tVX.m^O. 4 Mm. 1 mm(C/<^— ^V^^tt 

i^mmmk\zmiti^') ^^-m^mj&x.xhu^^m.m^. 

{^^^<^f^>^kL^^o;!^^fc (• : 14 0Q. BesQ) <D 

1^SS{3±# Lfc (O : 1 4 O 4 0 0 Q . □ : 6 5 7^^ 
b 1 8 0 Q) o 

[0 0 6 71 w.mtmt'y') ^'^(Dmftm^^ 

t^TlB^ (i^^2 6c) ;i5®^^^:$i^fcr ^75W.H<b%;t 
5>n5o roJ:3tr. >5'>'^^7">'^2 6 c S:J^AS:-r^ 

^<^t::J:'9. id^ 2 6 ^ffio^^fb^BSihi-^ :i ^ ^^^T- 

[0 0 6 81 ^Jctc. 13 8 (b) tc^i-J: 9lC=t>.^^ h 
jJ^-yi-3 Of^tr. :/t^3 1 Sr?i^j5gi->5o r<or^>/3 

[0 0 6 91 Z,(D:^v^l^^^h\^<\^Wii^(0:=il^ 
^ ^ 0<omil(DU(r>=^y'f->^if\ZX^X. =1 

h4^— /t^s 0i£ffi(7:)^ >^^^^:^^2 6 c h^^y 

[0 0 7 01 HUf5yy^^3 l(i7jfccOj:9{Cff^^1-^o ^ 
-r, h7}>-yu3 OrtSr^trg^fLv-y =i:/a2 9 

±{c, C VD?£'bL< ^^;^/^^y^?£lcJ:^9S>^t:^^' v« 

3 1 a ^JF^^LTct^. C V Di*tr J: *5 ^ V 3 

^it^-^^^ms 1 a*3<ta^^ Vi/^f^>^3 1 bSrCM 
P{cJ:»9I^^L. r^^3 1 ^Srff^^-f /.fdo, BS^ 2 
6tmm\Z. ^{b^5^>'fll3 1 a±{c. ll^M$r;^^y''<3? 
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(T i /T i N/T i ) <DiiL. T i /T i N. T a /T 
aN/Ta. T a /T a N^co^^g^^ffll >T \ 
[0 0 7 1 ] ^ic. El 9 tC^-f- J: 0 2 6 (Dm^ 

tmm\z^ Ems 5^nmi^^o ^r. mtiyv^^i^m 

2 9^i:X/zr^^3 l±\Z^ mti^v =^>m3 2^m^ 

&V^T% gg^kv-y ri^-aa 3*CVDffilCj:»9itS 

[0 0 7 21 ik\^^x\ Emm2 scorns tmm\:i. m2 
[0 0 7 3] mz^ mmms 4^i:^t^miti^ V ='>^m 

3 SAilZ-^it'^^l^i^^^y-Ji^^^UrmS 5 a ^:^y<y^ 

&i,i.<\^cvDmzxvmm\^. ^*:v^t% y<vrm3 
sa±i,z^ mms 5 h^:^y<y<^m\zx^mf&-r^o ^ 
<Dm<Df&m^^\^. mm2 6h<Dm^tmcxk^o 
[0 0 7 4] mz^ §mm3 4^U(Dmm3 s b joj:D^ 

y<Vrm3 5 a ^CMPt;iJ: ^}I^^L.Tia^3 5 ^?f^^ 
[O 0 7 5] ^V^T% ia;»3 5 (fi5JK3 5 b) ±tC:$^>^ 
Mm3 ^^L\z^:y^^y^y-i^m3 5 c ^aMS^S^t^ L < {i^ 

^mzjr^^-r^, z.(on(o^m^m^. wm2^i.(o^ 
>'i^^>^T>m2 6 c(Dm'^tmzxk^o 
[0 0 7 6] mz^ mi 0 {z^^rx o \z^ mti^ y =1 >- 

3 7^CVDft(cj:i9*Sa-t-'5o 

[0 0 7 7] =^ ^'^^ hTjx— 0 irf^lHtC, 

[0 0 7 8] mz^ -^7^3 1 linWiZ. -=1:^^ <7 Vit>^ 

—f^3 2^^^^tsmc'y')'=^:ym3 1}L\z^ ;^y<^y^m 

i^v<\±cvDm\zx^mt^-^ '^ms 9 a ^nmi. 

CVomzXV ■^:^^^:^'r:^m3 9 b^nmi-^o 
^fel^T^ =i>^ 1^ h:^—/i^3 8U^(Dmt^^ :y^3 9 

airSXXJ^-^l^^^y'l^mS 9 b CMP <t L. 

:/^^^3 9^?F^^-r^o ?^<^ib\ •:f9^3 9hm>^9yt 

[0 0 7 9] g^^ftlv^y 3>-^3 7:^XrJzfyV3 

9±{z^^i^mhv<nmit'f-^>m4o a . Tji^^=^ 



[0 0 8 0] »:v^T^ ^11 \z^^'rXo\z^ iaM4 o^o 
<ti>'^^b:v/y =i>^3 7_hir^>([::'>y =rvK4 1 $rcv 

OG^4 2^ff^^-r^o ::(OSOGlK4 2Sr?^^-t--5r 
<lr(;i<]:'9. i£^4 0icJ:<9^Cfc:IiadiS:^:S>ft:i-'5ri: 
/>^T-^5o ^c^:fc. SOGK4 2_hl::c VDy£{:: J: 19 TE 
OSli^f^gg^ftv-y 3>^4 2 a S:ff^^LTtSl.\ 
[00 8 1 ] $ h\Z^ iaiS4 Ot^^^i^^iJ^ N®i|!c±<7?®? 
it'y'} ^i^m42 a . SOGm4 21r6i:umt^^') 
^4 l^^^yf^>'^'l^J:»9^^-r^o ^^^r. iS^4 0 
(Dri^^:^ h®ifig:}oj:0^®?fbi/y n>3g4 2 a itC. ;^ 

/N^^^v-^^-r^ - i:l-j:oT. ifii^4 3^ff^^-r5o 
[0 0 8 2] iS^4 3±(::^{tv/y =3>.^4 4 

M^bv^y ^^4 4±iC^>f(::v-y 3n>'^4 5?f^ 

fiic-r^o cttb^>ft:'>y ='>'a4 4ioJ:t/g?^[::v'y =3>^ 

[0 0 8 3] ^\z^ mt^y') ^>m4 5*3<J;O^Mjt:v'y 

4 3co-g|5 ^^X^y KgB) ^^dj^it^o ^ 

i^^T. m\^\^fzMm4 3±.\z^m^^xy^=^y^^\-m:m(o 
mmmfi-hf^^^<>^Tmwm4 7^mfSL\.. ^<:y^T 

mmM4 7 ±.\z^h\^<\t^mmf)^h^^^^<i^ymM4 

[0 0 8 4] ^<D^. /<^y>!r-v?Sflx^Jr^ig$ix^» 

[0 0 8 5] 7^*3. *^J6<D?f^StCjoVNTt*. mSffi 
^^LTia^2 6^. ^2^ifi.^<i: bTiH^3 5 ^?gj5S; 
m2^iS,^±{ryy>/3 9^^LTr/U^^'>i^id 

m4o^i^i$.Lfz.-f)K m\ 2\zff^ir^o\z^ m2mEim 

3 5 <h Tvu AiEi^ 4 0 i: (JOFp^lcm 3 3 

3;iiS.^M3io J:t/^4®ia^M4 t^. mi^b^J:l/^2 
iiid«*2 6. 3 5 <tm^icff^|5fet. SdM*ffit:i(i^>^^ 
;^7^>^KM3 c . M4 c ;55ff^iS;$ix-6o ^3SiB 

^tm4m^mt(r)m(o:fy^'P3if6^-u^m4mEmt 

r Jl^^::^^ J^^l^4:^t(Of^(D'7''7 4 II. ^7^^ ^ 3 
1 :JoJ:t>'3 9 i:fR]+l|{::ff^^1-5o ^CT. 4 9, 5 1. 

5 3. 5 5^i. ^fk'>y =3 . 5 0. 5 2. 5 
4. 5 6 11. ^ilnv-y =i>^Tfc5o 

[0 0 8 6] S7t. *^SfeO0ft|tZjol^Til. ia^2 
6. 3 5#±ic. <5^>'^'>^x>'^2 6 c. 3 5c^S:3l 
tR^StU<{lS5fei«SSii:fc;6>. 7^7^3 1. 3 9# 
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[008 71 (mm<omm 2 ) mM<oifm 1 \zm 
mi 3/)>hm2o\-±. :^^m<DmM(Dmm2xh^^m- 

^c^*3. EllT^-bEie (a) ^ffli^-CI^P^b/c^^^ 

2 l?f^^*T-<7^XSli, ^JE(7)?F^figl CO:g'&tl^CT-fc 

^ fc J?) ^ (OtftP^ Sr ^^B&i- 5 o 

[008 8] 06 (a) {r^i-^*i^S«lt;if:i. pM 

ightly Doped Drain) It at (7) , >'^M^tz 

n^-^^>yuMMI SFETQn*Jctt/p^-r^->'^aMI 

SFETQp755?f^^$ix^ ^fc. ;i:v>m^5^Bt^i^2± 

^m^^n. ^^y}^^mm&mmi s^\a^. mi sfe 

[0 0 8 91 ^(n^bfi^^wm^i-kmrnx^. m \ a 
(a) \c^'txb\z.^ mm^mm \ 8*sj:t/y^^^2 1 

[0 0 9 01 ^v^r^ g| i 3 (b) \z.7f^'t^b\^. 

/c^-fkv-y =^^^^2 2*^^y^>^>?^-t-S:ii:lcJ:«9E» 
^2 5^?F^^-r^o «6o-C. ®?>ft:>'y V^2 3(7)^^y 
^v^'tl. ^:ym2 2t>^v^iy^^^}^M<. 

]ski^T\ g^fbi^y =i>'ffii2 27!is^-/^v^$n^v^^# 

2 3^w:mmf&vxh^\^\ 

[00 9 1 1 fttc. mi 4 (a) {z^-rx Mmm 

2 S^^^tsmit^^V ^:ym2 2±\z^it^^:y/)^^tj: 
^/'^y T®2 6 a L< tiCVD^tcJ:*? 

^«b. ^<y TS 2 6a ±ir. m^^^<y^^ 

3 0 Omm^ J&m&tJ\^0. 2mTorr (0. 2X 
1. 3 3 3 2 2 X 1 0-ip a) EAT. ^mWM^mn2 

o''cxmmwMum\^3 0 o°cco^#-e. ^muxm^ 

0. 4 ^m(Dm^^m^'t^o ^^X^'X\ 

T:=^— yu. m:^\t. ISTorr (15X1. 3332 

2X102Pa) . 4 3 0"CCO7K^#ia^4^-e2 5)^PBl*£i 



[0 0 9 2] Tijo. SH^Srm«> 

-^^o BP*>. ^-^^yht^^^^m^mn3.oomm. 

fS.Ji^E.ti\±0 . 2mTorr (0. 2X1. 33322 

X 1 0-ip a ) uT. f^m^m^M^mt i ox:, mmm 

SM\t5 O'^CcD^i^X. ^mUxm^ 2 0 Onm(Dmm 

mme 0 0 nmcomm^n^f^-r^o mi 4 (a) 

[0 0 9 3] */ci. y 2 6 a m^t^^ :yco^ 

>'II^JF^^L/ci3ji<DffliiBi (T i /T i N/T i ) (TI) 
flk. Ti/TiN. Ta/TaN/Ta. T a /T a N 

[0 0 9 4] mz^ mi 4 (b) {z^Tx o\z. i^mm 

2 5^U<Dmm2 6 hioXXfy<VTm2 6 a ^CMPJr 

[0 0 9 5] d^^^x\ mi 5 ( a ) (i-.T^-TJ: 9 J-, ia^ 

2 6 (a^^2 6b) _b{:-^>'^^^^>^iltR^«t b< 
\tm9c^^^-^^Zt\ZX^. E^2 6±«w2-'2 On 
m5Sg(7)^>'^;^T^>^2 6 c ^ff^j5g;i-6, 

^-^2 6 c fi. M;tfi\ 0. 3Torr (0. 3X1. 

3 3 3 2 2 X 1 02p a) . ^^t^^4 6 0°CT% yy 

\\L^:y^7sy':y (WPg) gfcS5 sec. tK* (H2) Sft 
*5 0 0 s c c <7:>^^TT% 1. S^i-rfg^SISrtT^ w<h 

[0 0 9 6] J9 > E^ 2 6 Jiicco^^d^ 

8 it^lt-^Ei^ 2 6 _htc^ v>7^^x>;5>ffi$fee5ic^S-f- 
[0 0 9 r'l ?iib\ ^^i/;^^^^^^^)^, T i N. T a . 
TaN. WN«L <{i/.ej6. ^ >'^'^x>'<7:>ft!l> Ti 
N. Ta. TaN. WN^ t < liN i t^E^ 2 6 ± 

(o^-ry-fmm.^mt\^x^mx^^, zz.x\ ^^^^^ 

:^y-l^(OWlKt^^'^2 O M Q • c T i N<7:>-?:tl8 0 

[0 0 9 8] :z(nXb\z. i^mM(Drm\zX%x\^. E^ 
2 6±{w-^>^^;^^>'^il*^i5S:St L< liS^t^Slwi: 
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[0 0 9 9] ^fc. ia^2 6(DjIiJffi:JoJ:t/jSffi{l/<y r 

^2 6a-e. ^<D±mn^>'^:^y':yfl^2 e cX^m^ 

[0 10 0] *fc. ia,^ft2 5l^irfll^2 6 h^mi^TZ, 

\t:^^'7^y^mfi^±Zitm'^X&^Xh (122 2 

(a) ) . mm2 6mm\^^>^^^'r>m2 6 
x^(Dmm^rfo::t^-x^^ m2 2 (b) ) o 

[0 10 1] ±5fELfcJ:5iw. ^J?2'-2 0iim 

(1X1. 33322X10 2P a) UT) Xff^Zt 

^^~^mxh^fzi!b. Em2 6mm<Dmm^^^^Si< . 

[0 10 2] ZKh^mtyf^^ VcDJWMt^J: 

[0 10 3] mi 5 (b) tc^-fct 5lC. SE-ll^i^ 

y =3>'JK2 3ioJ:r/iB^2 6 Jhlc. ^>fkv^y =iv^2 
^[::>-y ='>'^3 3^Jili»:cvDifelcJ:«9ig«i-^o 

-e\ ^^kv-y =i>'^3 2fi. iaM«3 4^ff^^-rai^co 

-y^3 0^ff^^i-^^(7):3^-/^^>/;^ h^y/<-<b bT« 

[0 10 41 me (a) ir^-rj:5tw. K^2 

ecori:/^^ h^jfiicico^^bv-y ^>^3 3. ^fLc/y 

^>^3 2:JoJ:t/®?>(t;v'y =»>'^2 9 ^3i:y^>^^'{r J: 
'>y =i>-^2 8^ji-/^>i/i-^:it{cJ:*9 ^iv^iJ^ h 

^-/l-3 0 ^mj&^^o 

[ 0 1 0 5 1 11 1 6 ( b ) iCTTc-r J: 

^^'iJ^ h3i^-/U3 OF^Sr^tpKikv-y =iv^3 3±tcSSt 
E^JhJKt L<{lUv?;^ h^3 3 a SrJ^^L. 

5j^-/i-rt^RttP:SJh^t>b< (iUv>;x K^3 3 a X^i^ 

iitPo ^bt-> 11117 (a) iZTjk-txo^^. m2mMm 



«r^;^i5^t:-. SttBSihat U< (lUv^^ h^3 3 a . m 
[0 10 6] &.±(DJlWzX^ . mi 7 (b) \z^irX 

m2gia^ffl(7)iai^ft3 4 m2m^mtmi 

[0 10 7] 7S:ib\ ^2jiia^ff^^i=^^««cSrRlP Ufc 
:7;i- h uv?;^ h^^-^;^^ic. ^fkv^y ::i>03 3:JBJ: 
t>*^f(::i/y ^^a3 2^^i/5"V^-r'5:i<^tcJ:i9> Ba 
mm 3 4 4-?!^^ bfct*. la^^ 3 4 ^ SrSl+S^lh^^t? 

ilis^iZ:.;^. ^ljlia^_bco=i>^>5^^ hff^^MP Lfc:7 

112 9 jocfct/^^b'>y ='>^2 8^^^>f">^^"r^;i^ 

[0 10 8] ^fc. ^n^yf^^-^;:^ LTffll^?? 

rnxMrn'^m^m^^t. ^^^-r^^tr^-^mx^^. m 

mti^V =^>'m2 3:}6XXl^m2 6±\zm^tiyV =^ 

>m2 9io^u^3 3 (Drnm^^^^tLmm^m-r^mt 
i^'j =^>^m^mf&i.s m2m^mwm^'^mm^mai. 

^/^^-^b. mmm3 A^nrnvtzm. mimmm±<o 

h/i^-/u3 OSrff^^bTt z.(D^^\zi6\^^x 
=3^^>5^^ h7^-yu3 O^ff^fiKf^. ia^«344rm 

[0 10 91 ^fc. ^>^^^^7">M2 6 c:^oJ:0^'fb:v' 
y=I>'K23 (A^S<b\/^5) ±1^. ^^L>-y=^>^^2 

^ym3 3^Ammx\ tL<(t. ^^tv-y ='>'M2 
9, 2 3 t^ix^^nm^ji^cmmxmf&v. miti^v^^ 

^-HM3 3 (At b< }:JCflia) (0:n:yf^>'^{-jb%^T 
ti. -^rOTgOgg^ti/y =':^M2 9 (BIga) 

^-^/^niK , g^^kv-y =^>^3 3 (At^L<{lCfl^ 
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^'>AiS^4 0 <bcoFpTlw»3Sia^M3*3j:t/^4Sffi 
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2 6. 3 5<7)^ffitr^>'^^7^>^2 6 c . 3 5 c 
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[0 13 3] mB:2 6 b. 35b(7:)CMP^ {%M(OT^ 
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1 8 (b) #fiP.) . (^m2 6b. 3 5bioJ: 
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[0 13 9] ^^2 6 b. 3 5 b<7?cMPf^ (mm<Dm 
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1 8 (b) #se) ^ S^^ffitC^t. i^Jx.tf. 4 30 

X:. lOTorr (lOxl. 3 3 3 2 2 X 1 02p 
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-^l^c. 02 8 (c) It. ia^l£^^®^«9^^Lfc^'^ 

*4 6 Ot:. WFfigSS? sec, TkSigftSS O 0 s c 
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i.ti:\^^mmxm^ m^'^mxh^ ^tm^^-^xh^j: 

[0 15 5] mz. mi^!^(DmM(omm\^is\^^x\t^ mi 
s F E T jo J: nmum^±.\^mf& ^ thtium\^^^m ^ 

[0 15 6] -^/c. mj^<DmM(Dj[mAzi6\.^x\t. mwi 

[0 15 7] ^7t. mi&<DmM<D]fmA^:S^^^X\t. y< }J 
TJi26a. 3 5 a#±twfi^flg2 6 b. SSb^^ff^;* 
L^c:;^5^ E13 Olw^i-ct (a) ^ >:P^:^y'lyms 
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